Objective: Epidemiological studies suggest that individuals with elevated plasma concentrations of insulin-like growth factor (IGF-I) are at increased risk of developing cancer. We assessed whether dietary intake of total energy, protein, alcohol, phytoestrogens and related foods, and tomatoes and lycopene was associated with plasma levels of IGF-I and IGF binding proteins (IGFBPs) in Dutch women. Methods: A cross-sectional study was conducted in 224 premenopausal and 162 postmenopausal women, aged 49-69, participating in the Prospect-EPIC study in the Netherlands. Diet was assessed using a food frequency questionnaire. Results: In postmenopausal women, higher alcohol intake was associated with lower plasma IGFBP-1 concentrations (alcohol 1.4 to 20 g/day: 20% decrease in IGFBP-1; p ¼ 0.04), and higher intake of plant lignans was associated with higher IGFBP-1 concentrations (plant lignans 0 to 1 mg/day: 59% increase in IGFBP-1; p ¼ 0.02). Higher soy intake was associated with higher plasma IGFBP-2 concentrations in premenopausal women (soy 0 to 2.5 g/day: 3% increase in IGFBP-2; p ¼ 0.04). No independent associations of dietary factors with IGF-I or IGFBP-3 concentrations were observed. However, in premenopausal women alcohol intake was inversely associated with IGF-I and positively associated with IGFBP-3 after mutual adjustment. Conclusions: In this study population, with limited variation in dietary intake, total energy, protein, phytoestrogens and lycopene were not associated with IGF-I and IGFBP-3. Alcohol was inversely, and some measures of phytoestrogen intake were positively associated with plasma IGFBP-1 or -2 concentrations. The roles of IGFBP-1 and -2 in relation to IGF-I bioactivity and cancer deserve further investigation.
Introduction
Insulin-like growth factor I (IGF-I) is important in normal growth and development. However, it has also been shown to promote tumor growth [1] . Prospective cohort studies have observed that subjects with elevated levels of IGF-I are at increased risk of developing several types of cancer, including prostate, premenopausal breast, and colorectal cancer [2] [3] [4] [5] [6] [7] [8] . IGF action is determined by the availability of IGF-I to interact with the IGF-I receptor, and is dependent not only on absolute IGF-I concentrations, but also on the relative concentrations of several IGF binding proteins IGFBPs [9] . A high concentration of IGFBP-3, the main IGF binding protein in the circulation, is thought to reduce IGF-I action. However, studies on the association between plasma IGFBP-3 levels and cancer risk remain inconclusive [2, 3, [5] [6] [7] [8] . Only a small fraction of IGF-I in the circulation is bound to IGFBP-1 and IGFBP-2, in complexes which allow transport of IGF-I out of the bloodstream, possibly resulting in increased levels of IGF-I in tissues. Ultimately, at the receptor level, binding of IGF-I to any of the IGFBPs inhibits IGFaction. Serum levels of IGF-I as well as the IGFBPs vary substantially between subjects, and are determined by both genetic and environmental factors, e.g. dietary factors [10] .
Previous studies investigating the regulation of the IGF-system by diet have mainly focused on total energy and protein intake. Severe energy and protein restriction was found to lower serum IGF-I levels in both animals and humans [11] . Results of cross-sectional studies investigating the relation between the normal range of energy and protein intake and serum IGF-I levels are conflicting [12] [13] [14] [15] [16] [17] [18] [19] [20] , with only few studies showing a significant positive association [21] [22] [23] [24] . Alcohol consumption can possibly increase IGF-I production by the liver [25] , but has been inconsistently related to IGF-I and IGFBP-3 levels in cross-sectional studies [14, 15, 17, 22, 26] .
Several micronutrients or bioactive compounds in foods may also affect the IGF-system. Estrogen action is strongly interrelated with the IGF-system, and selective estrogen receptor modulators (e.g. tamoxifen, raloxifene) have been shown to lower serum IGF-I levels [27] [28] [29] , and may elevate some IGFBP levels [27, 28] . Phytoestrogens are plant substances that structurally resemble endogenous estradiol and are able to bind to its receptor [30] . Therefore, we hypothesized that phytoestrogens may also potentially decrease IGF-I concentrations. Four human intervention studies investigated the effect of soy protein, an important source of phytoestrogens, on serum IGF-I, but produced conflicting results [31] [32] [33] 55] . Additionally, results differed for pre-and postmenopausal women [31] , which suggests that the effects of phytoestrogens on the IGF system components may be dependent on endogenous estradiol concentrations. Lycopene is an anti-oxidant mainly found in cooked or processed tomatoes, and has been suggested to interfere with IGF signaling in experimental studies [34] [35] [36] . Also in cross-sectional studies lycopene [22] or cooked or processed tomatoes [14, 18] were associated with IGF-I or IGFBP-3.
The objective of the present cross-sectional study was to assess whether dietary intake of total energy, protein, alcohol, phytoestrogens and related foods, and tomatoes and lycopene, was associated with plasma levels of IGF-I or with any of its three main binding proteins (IGFBP-1, -2, and -3) in premenopausal and postmenopausal Dutch women.
Materials and methods

Study population
The study population is a sample of premenopausal and postmenopausal participants of the Prospect cohort which is part of the ongoing European Prospective Investigation into Cancer and Nutrition (EPIC) [37] . In the Prospect-EPIC study a total of 17,357 women, living in Utrecht (the Netherlands) and surroundings, were enrolled between 1993 and 1997 and are subsequently followed for the occurrence of cancer. Women were recruited among participants of the nation-wide breast cancer screening program, and 49-69 years of age. The participation rate of the Prospect-EPIC study was approximately 35% [38] .
Premenopausal women did not previously undergo bilateral ovariectomy, reported at least 10 menses during the last 12 months, and did not use any hormones for contraception or (peri)menopausal complaints. The total number of women meeting these selection criteria represented 9% (n ¼ 1357) of all women in the cohort. We further excluded women with insulin-dependent diabetes mellitus (n ¼ 7) or a diagnosed malignancy at baseline (n ¼ 66), as these diseases may affect circulating hormone/peptide levels. Additionally, for practical reasons, we had to exclude 12 women because one or more questionnaires were missing, as well as 335 women because no plasma was available for cross-sectional analyses (i.e. all women enrolled before 1995). A resulting total of 937 eligible women was available for further study. As has been described previously [39] , we over-sampled 50 women who performed regular physical activities of moderate intensity for at least 30 min/day, and 48 women who reported not performing physical activities. We randomly selected 126 women from the remaining eligible women, resulting in a selection of a total of 224 premenopausal women.
We further included 163 cancer-free postmenopausal women from a previously conducted case-control study on circulating IGF levels and risk of postmenopausal breast cancer [40] . They were matched to each breast cancer case at 2:1 ratio (+10%) by age (±1 year), and date of enrollment. These women reported their last menstruation 12 months or more before time of enrollment, and were non-users of hormone-replacement therapy (HRT) and insulin. One woman was excluded because of missing data on food intake. In total, we have selected 224 premenopausal and 162 postmenopausal women as our study population.
Data collection
Baseline information was collected using self-administered questionnaires and a standardized medical examination. The general questionnaire consisted of questions on demographic characteristics, presence of chronic diseases of interest, and potential risk factors for cancer, i.e. reproductive history, family history, drinking of alcohol, smoking habits, and physical activity. The total physical activity score is a summary measure, combining household, occupational and recreational physical activity [41] . Missing values for physical activity score were imputed by the mean value of pre-or postmenopausal women (n ¼ 27).
The self-administered food frequency questionnaire (FFQ) referred to habitual intake of 178 food items during the preceding year [42, 43] . The questionnaire contained color photographs of 2-4 different-sized portions of 21 food items, which helped assessing the serving size. Subjects indicated their consumption frequency of each food item on a daily/weekly/monthly/ yearly scale or as never consumed. An adapted version of the 1993 computerized Dutch food composition table was used to calculate energy and nutrient intake. To calculate lycopene intake, an adapted version of the 2001 computerized Dutch food composition table was used. Phytoestrogen intake was calculated using published laboratory analysis data for the phytoestrogen contents of relevant food items [44, 45] . Total phytoestrogens is calculated as the sum of total isoflavones (daidzein, genistein, formononetin, biochanin A) and plant lignans (matairesinol, secoisolariciresinol).
The physical examination included measurements of blood pressure and anthropometric indices (i.e. height, weight, waist and hip circumferences), as well as the collection of a 30 ml blood sample. The blood collection protocol included recording of time since last consumption of food or drinks (median: 2 h, range 2 min-13 h). Hemolysis of the blood samples has been recorded and samples were excluded if any severe hemolysis had occurred. All blood samples were drawn and processed by qualified research assistants and stored in liquid nitrogen ()196°C) in 500 ll plastic straws, until transportation on dry-ice to Lyon, France.
IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 assays
Plasma concentrations of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 were analyzed in the Hormones and Cancer Laboratory at the International Agency for Research on Cancer, Lyon, France, using immunoassays from Diagnostic Systems Laboratories (Webster, Texas, USA). For measurement of IGFBP-2 a competitive radioimmunoassay was used. IGF-I, IGFBP-1, and IGFBP-3 were measured by double-antibody immunoradiometric assays. The IGF-I assay was preceded by an acid-ethanol precipitation procedure to extract IGF-I from its binding proteins. Control samples were included in each batch to calculate inter-assay coefficients of variation (CV). The detection limit varied between 0.01 and 0.80 ng/ml for these assays. In one sample a IGFBP-1 concentration below the detection limit was found, and this value was excluded from statistical analyses. Samples for postmenopausal women were analysed a year after those for premenopausal women. The intra-and inter-assay CVs ranged between 1.1% and 8.5%, and between 4.7% and 17.0%, respectively [39, 40] .
Data analysis
The following dietary factors were investigated: total energy, protein (total, animal, plant), alcohol, phytoestrogens (total phytoestrogens, total isoflavones, plant lignans) and related foods (soy, legumes, cereals), tomatoes (raw and processed), and lycopene. Food groups consisted of the following items: soy products (tempeh, tofu, vegetarian burgers); cereals (pasta, rice, other grains, bread, crispbread, rusks, breakfast cereals, crisps and salty biscuits, dough and pastry); processed tomatoes (cooked tomatoes, concentrated tomato paste, tomato sauce). Total, animal, and plant protein were adjusted for total energy intake using the residual analysis method [46] . All analyses were conducted for pre-and postmenopausal women separately, because these two groups were selected separately, and blood analyses for both groups were performed with a 1 year interval. In addition, due to the known interaction between estrogens and IGF, the relation between dietary factors and the IGF-system might be different for preand postmenopausal women.
Pearson correlation coefficients were calculated to assess the association between plasma levels of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 and dietary factors. Pre-and postmenopausal women were categorized separately, based on tertiles or relevant categories of dietary factors, and mean concentrations of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 were calculated in each category of dietary factors. Tertiles were used for total energy, protein, cereals, and lycopene. For alcohol, soy, legumes, and tomatoes, relevant categories were used: for alcohol <1 glass/week (1.43 g/day), 1 glass/ week-<2 glasses/day (20 g/day), and ‡2 glasses/day; for soy 0, >0-<2.5 ( ¼ median intake of soy consumers), and ‡2.5 g/day; for legumes <1 (7 g/day), 1-<2 (14 g/day), and ‡2 serving sizes/week; for raw tomatoes <0.5 (5 g/day), 0.5-<1 (10 g/day), and ‡1 tomatoes/ week; and for processed tomatoes <2 (7 g/day), 2-<4 (14 g/day), and ‡4 sauce spoons/week.
Multivariate linear regression models were constructed to quantify the association between plasma levels of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 (as continuous dependent variables in separate models) and dietary factors (as continuous independent variables). Data on IGFBP-1 concentrations were ln(concentration + 1)-transformed, to normalize the distribution of this variable. All linear models have been adjusted for age, BMI, physical activity score, time since last meal or drink, and total energy intake. Since IGF-I and IGFBP-3 are known to be strongly co-regulated, models for IGF-I plasma levels were also adjusted for IGFBP-3 plasma levels, and vice versa. As the regression coefficients and the mean plasma concentrations in dietary categories led to similar conclusions, we have chosen to present only the results of the regression analyses.
The regression coefficients obtained from the regression models were expressed as changes per serving increment (Ds). The serving increments used were defined as the difference between the tertile or category cut-off points (as described above), for pre-and postmenopausal women separately. Due to very low intakes and limited variation in intakes of total phytoestrogens, total isoflavones, and plant lignans, a serving increment of 1 mg/day was used. P-values below 0.05 were considered to be statistically significant. The SPSS version 10.0 package was used for statistical analyses.
Results
Basic characteristics of our study population are described in Table 1 . IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 concentrations were within the normal range. IGF-I concentrations were slightly higher for premenopausal than for postmenopausal women. As described in our previous studies, plasma concentration of IGF-I was strongly positively correlated to the concentration of IGFBP-3 (Pearson correlation coefficient (r) ¼ 0.58 and r ¼ 0.60; p<0.001) [39, 40] . Similarly, plasma concentrations of IGFBP-1 and IGFBP-2 were positively correlated (r ¼ 0.37 and r ¼ 0.30; p ¼ 0.01) [39, 40] . Dietary intakes of phytoestrogens and related foods, and lycopene and tomatoes were relatively low.
Pearson correlation coefficients between dietary factors and plasma IGF-I, IGFBP-1, IGFBP-2 and IGFBP-3 ranged from )0.14 to 0.20, and )0.13 to 0.18 for pre-and postmenopausal women, respectively (data not shown). Statistically significant correlations were observed for raw tomatoes and IGFBP-1 (r ¼ 0.16; p ¼ 0.02), animal protein and IGFBP-2 (r ¼ )0.14; p ¼ 0.04), and soy products and IGFBP-2 (r ¼ 0.20; p ¼ 0.002) in premenopausal women. For postmenopausal women, only plant lignans were statistically significantly correlated with IGFBP-1 (r ¼ 0.18; p ¼ 0.02).
Tables 2-4 present the results of the multivariate linear regression analyses. No significant associations between plasma IGF-I and IGFBPs, and total energy and protein (total, animal, plant) intake in both pre-and postmenopausal women were observed ( Table 2 ). Alcohol intake was inversely associated with plasma IGF-I and positively associated with plasma IGFBP-3 in premenopausal women. For example, an increase in alcohol intake of 18.6 g/day (moving from the lowest tertile cut-off point (1 glass/week ¼ 1.4 g/day) to the highest tertile cut-off point (2 glasses/day ¼ 20 g/day), is associated with a 6% decrease in IGF-I ()9.4 ng/ml; p ¼ 0.04) and a 3% increase in IGFBP-3 (90.7 ng/ml; p ¼ 0.02). In postmenopausal women, increased alcohol intake was associated with a 20% decrease in plasma IGFBP-1 concentrations ()2.8 ng/ml; p ¼ 0.04).
Of the phytoestrogens and related foods (Table 3) , increased soy intake was associated with increased plasma IGFBP-2 concentrations in premenopausal women (10.6 ng/ml (3%) increase in IGFBP-2 with each 2.5 g/day increase in soy intake; p ¼ 0.04). In postmenopausal women, intake of plant lignans was positively associated with plasma IGFBP-1 concentrations (example: increase of 5.8 ng/ml (59%) in IGFBP-1 with an increase in plant lignans intake from 0 to 1 mg/ day, p ¼ 0.02). No statistically significant associations were observed for phytoestrogens or related foods and IGF-I or IGFBP-3 concentrations.
For intake of lycopene and tomatoes, no statistically significant associations were found with plasma components of the IGF-system (Table 4) .
Discussion
In our population of Dutch pre-and postmenopausal women, no statistically significant associations were found between energy and protein intake and IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 plasma concentrations. Similarly, within the relatively low intakes of phytoestrogens and lycopene in our population, no significant associations of these compounds with plasma concentrations of IGF-I and IGFBP-3 were observed. However, intakes of some (sources of) phytoestrogens were significantly positively associated with IGFBP-1 or -2. Furthermore, higher alcohol intake was significantly associated with lower IGF-I and higher IGFBP-3 plasma concentrations in premenopausal women, and with lower plasma IGFBP-1 concentrations in postmenopausal women. As we studied several dietary factors in relation to four IGF-system components, we cannot exclude that some of our findings may be due to chance.
Elevated serum IGF-I concentrations have been associated with increased cancer risk [2] [3] [4] [5] [6] [7] [8] , however, the association of IGFBP-3 concentrations with cancer risk remains controversial. Some studies have shown an increase in risk for higher IGFBP-3 concentrations [3, 5, 8] , others have observed a decrease in risk [2, 6, 7] . In epidemiological studies, the IGF-I/IGFBP-3 molar ratio has been used as an approximate index of 'free', bioactive IGF-I, since IGFBP-3 is the main binding protein of IGF-I in the circulation. However, the biological effects of the different IGF binding proteins on IGF-I bioactivity are still relatively unknown. Similar to IGFBP-3, IGFBP-1 and -2 may also reduce bioactive IGF-I by binding to it and making it unavailable for the IGF-I receptor. On the other hand, IGFBP-1 and -2 allow the transport of IGF-I out of the bloodstream, which may result in increased IGF-I concentrations at the tissue level.
Since it is unknown which is the relevant measure of bioactive IGF-I, we did not use a proxy such as the IGF-I/ IGFBP-3 molar ratio.
Energy balance, dietary energy intake, and to a lesser extent protein intake, may be linked to cancer risk [47, 48] and have been implicated in the modulation of the IGF-system. Experimental studies in animals and humans have shown that severe dietary energy and protein restriction (e.g. fasting) results in an acute decrease in IGF-I, acute increase in IGFBP-1, chronic increase in IGFBP-2, and chronic decrease in IGFBP-3 [11] . Both energy and protein are needed to restore IGF-I after fasting [11] . Our results, in a study population with adequate intake of energy and protein, are consistent with most previous cross-sectional studies, in which no association between energy and protein intake and circulating IGF-I and IGFBP-3 was observed [12] [13] [14] [15] [16] [17] [18] [19] [20] . The two largest cross-sectional studies did show a positive association between IGF-I and protein intake within the normal range [22, 23] , as is also found by two smaller studies [21, 24] . However, with respect to protein intake and IGFBP-3 concentrations, and energy intake and IGF-I and IGFBP-3 concentrations the two largest studies are also inconsistent [22, 23] . Taken together, these results suggest that although major changes in energy and protein intake do modulate the IGF-system, the relatively minor differences observed in the general population probably do not play an important role. Alcohol consumption has been associated with increased risk of various types of cancer [49] . For instance, risk of breast cancer is increased by moderate consumption of alcohol [50, 51] , but not further increased by heavy drinking (i.e., at least 60 g/day of alcohol) [51] . A possible biological mechanism for this association could be that moderate alcohol consumption increases IGF-I production by the liver, which is not further increased in heavy drinkers due to alcohol-induced liver damage [25] . In our study, however, higher alcohol intake was associated with decreased IGF-I and increased IGFBP-3 plasma concentrations in premenopausal women. We observed these associations only when IGF-I and IGFBP-3 were mutually adjusted for each other, suggesting departure from the usual concurrent hepatic IGF-I and IGFBP-3 stimulus. We also found that higher alcohol intake was associated with decreased IGFBP-1 concentrations in postmenopausal women. Cross-sectional studies on the association between alcohol intake and the IGF-system published to date have not investigated IGFBP-1, and have been very inconsistent with respect to IGF-I and IGFBP-3 [14, 15, 17, 22, 26] . This may be partly explained by the different ranges of intakes studied. The relevance of our findings remains unclear and needs further investigation.
Our assessment of alcohol, total energy, and protein intake has previously been shown to be reproducible [43] . However, the FFQ we used has been shown to underestimate total energy and protein intake as compared to basal metabolic rate and urinary nitrogen excretion used as reference methods, respectively. The underestimation of protein intake by the FFQ was more pronounced for relatively higher intakes. This might have led to an underestimation of a possible association between protein intake and circulating IGF system components. However, this is not thought to have markedly influenced our results, since protein intake in our study population is relatively low.
Besides energy and macronutrient intake, micronutrients or other bioactive compounds in the diet may also influence the IGF-system. Phytoestrogens are plant substances that structurally resemble endogenous estradiol and are thought to interact with the estrogen receptor. Selective estrogen receptor modulators (e.g. tamoxifen, raloxifene) have been shown to decrease circulating IGF-I levels in previous human studies [27] [28] [29] , and may also increase some IGFBP levels [27, 28] . Additionally, studies in mouse models showed a reduction of serum IGF-I or IGF-I mRNA expression in breast or prostate tissue by phytoestrogens [52] [53] [54] . Residual + total energy intake in linear regression model. R 2 of the full models ranged from 34% to 43% for IGF-I, 19% to 20% for IGFBP-1, 17% to 18% for IGFBP-2, and 36% to 40% for IGFBP-3.
In our cross-sectional study, with limited variation in intake of phytoestrogens and related foods, no association with IGF-I and IGFBP-3 was observed. Two recent cross-sectional studies in an Asian population with high variation in intake also did not observe any association in women [19, 20] , but found a positive association between soy intake and circulating IGF-I in men [20] . Interestingly, we did find that a higher soy consumption was associated with increased plasma IGFBP-2 concentrations, and a higher intake of plant lignans with increased IGFBP-1 concentrations. This could be in line with the increased IGFBP-1 and -2 concentrations observed in vegan women, who usually have a relatively high consumption of phytoestrogens, as compared to vegetarians and meat eaters [17] . Four human intervention studies investigated the effect of soy protein intake with high isoflavones compared to soy or milk protein with low or no isoflavones, on serum IGF-I [31] [32] [33] 55] . The results from these studies were inconsistent, and may point to opposing effects of soy protein and phytoestrogens, with IGF-I being increased by soy protein, but decreased by isoflavones. Additionally, this association may be well modified by endogenous estrogen levels, resulting in different associations for men and women, and for pre-and postmenopausal women.
Another component of the diet which may be related to the IGF-system is lycopene, an anti-oxidant mainly found in tomatoes. Tomato and lycopene intake have been associated with decreased risk of several types of cancer and possibly the IGF-system is the intermediate in this association [56] . In our study, no association between either tomatoes or lycopene and IGF-I or IGFBP-3 was observed. Four cross-sectional studies have investigated the relationship between tomato consumption [14, 15, 18] or lycopene intake [22] and IGF-I and IGFBP-3. In three of these studies, higher intake of cooked or processed tomatoes or lycopene was associated with either lower IGF-I levels [14] , higher IGFBP-3 levels [22] , or a lower IGF-I/IGFBP-3 molar ratio [18] . Two in vitro studies have shown that lycopene can inhibit IGF-I-stimulated growth of endometrium and mammary cancer cell lines [34, 35] . In these studies, lycopene reduced IGF-I receptor signaling, and increased levels of membrane-associated IGFBPs [35] . Lycopene supplementation also increased plasma IGFBP-3 concentrations in ferrets [36] . In a small human intervention study, IGF-I was decreased both in the lycopene intervention as in the control group [57] . Overall, these studies suggest that lycopene might influence the IGF-system both by decreasing IGF-I and increasing IGFBPs.
We hypothesized that high intakes of phytoestrogens, lycopene, and related foods were associated with decreased IGF-I and increased IGFBP-3 concentrations, Change in plasma levels (ng/ml), p-value. R 2 of the full models ranged from 34% to 42% for IGF-I, 19% to 20% for IGFBP-1, 17% to 19% for IGFBP-2, and 36% to 39% for IGFBP-3.
which we could not confirm in the current cross-sectional study. Several methodological aspects of our study may have contributed to this. The FFQ used for the assessment of phytoestrogens and related foods, and lycopene and tomato intake, was not specifically designed for this purpose. Although the FFQ contained most of the important food sources of phytoestrogens (tempeh, tofu, vegetarian burgers, and legumes) and lycopene (pasta sauce, raw tomatoes, baked/fried tomatoes), other food items that may have contributed to phytoestrogen and lycopene intake were not included in the questionnaire (e.g. soy milk, tomato soup). Therefore, the true intake of phytoestrogens and lycopene in our population may be underestimated. Overall, intake of phytoestrogens and lycopene in our study is relatively low, but comparable to that observed in many other Western populations [44, [58] [59] [60] . Within this low range, limited variation in phytoestrogens and related foods, and lycopene and tomato intake might explain why we did not observe an association with IGF-I and IGFBP-3. Additionally, much higher phytoestrogen and lycopene intakes may be needed to affect the IGF-system. However, it is also possible that phytoestrogens and lycopene mainly influence IGFBP-1 and IGFBP-2 levels, and do not have a direct effect on IGF-I and IGFBP-3, as is also suggested by our results. Some general remarks can be made about the design of our study. The association between diet and the IGF-system might differ by gender, menopausal status, and menstrual cycle phase, as the IGFsystem is known to be strongly interrelated with estrogen action. Therefore, we studied pre-and postmenopausal women separately, although we were not able to adjust for menstrual cycle phase. As the premenopausal women in our study were relatively old, they may not be comparable to premenopausal women in general. However, our study is a good reflection of a Western population of women over 50 with respect to IGF levels [4, 7, 8] and dietary intake. With respect to the relevant time frame, it is yet unknown which has the greatest effect on the IGFsystem: a high dietary exposure for a short duration or a relatively low dietary exposure for a longer duration, which is the type of exposure we assessed in the current study. Consequently, we do not know whether food intake in the days prior to plasma sampling may have disturbed any association between plasma IGF levels and habitual food intake as assessed by our questionnaire.
In conclusion, in the current study the two IGF binding proteins, IGFBP-1 and IGFBP-2, which have received relatively little attention in epidemiological studies so far, were associated with the consumption of alcohol and some measures of phytoestrogen intake. The relevance of changes in plasma concentrations of these binding proteins, also with respect to IGF-I bioactivity, remains controversial and deserves further investigation. Besides alcohol, we found no dietary determinants of IGF-I and IGFBP-3 in our study. It would be interesting to investigate these dietary factors in relation to the IGF-system in populations with a higher consumption and greater variation in consumption of phytoestrogens or lycopene (e.g. Asian or Italian populations). Human dietary intervention studies would Change in plasma levels (ng/ml), p-value. R 2 of the full models ranged from 34% to 42% for IGF-I, 19% to 20% for IGFBP-1, 17% to 18% for IGFBP-2, and 36% to 39% for IGFBP-3.
ultimately provide the answers with respect to the effects of these dietary compounds on the different circulating IGF components.
